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2395630 

SEISMIC ACQUISITION SYSTEM 
BACKGROUND OF THE INVENTION 

s 1. FIELD OF THE INVENTION 

The present invention pertains to seismic acquisition, and, more particularly, to a 
method of collecting data during a seismic acquisition. 

2, DESCRimON OF THE RELATED ART 
10 Seismic surveying traditionally involves iinpaiting acoustic waves ftom an acoustic 

source that propagate through subterranean geological formations and are reflected back to 
seismic sensors. The seismic sensors are deployed in arrays and are positioned through the 
area being surveyed. The reflected signals are transformed bto electrical or Optical signals 
that are then transmitted over electrical or optical cables to a data collection unit. In a land- 
is based survey, the data collection unit Is usually housed on a recording truck. The data 
collection unit either records the signals it receives, analyzes them in reai-time, transmits 
them to a remote location for analysis, or some combination of these things. 

Recent trends in seismic surveying arc producing larger arrays of seismic sensors. 
20 These atrays are larger both in terms of coverage area and in tenns of the number of seismic 
sensors. The larger arrays adversely impact the cost of conducting the survey. Not only do 
these larger arrays employ more pieces of equipment^ but their extended covcmge area 
lengthen deployment time. The more time it takes to deploy the array, and the more pieces of 
. equipment it uses, the more expensive the survey. 

25 

Attempts in the art to address these factors include U.S. Letters Patmt 6,226,601, 
entitled "Seisrnic Survey System,'^ and issued May 1, 2001, to Trimble Navigation Limited as 
assignee of the inventor Harold L. Longaker C*the '601 patent'*). In particular, this patent 
discloses a wireless seismic system in an effort to eliminate, or at least minimize, cabling. 
30 The system includes multiple layers of "cells." The seismic sensors are grouped in a 
particular fashion, and each group of 8i;ismtc sensors wireJessly transmits its data to a 
dedicated, first level transceiver. The first level transceivers arc similarly grouped^ and each 
group of first level transceivers wirelessly transmits the data accumulated from its group of 

Pasel 
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seismic sensors to a dedicated, second level tran$;cciveT. This process repeats, and each 
higher level sees a further con^olidalion of data from the previous luyor. At some point, the 
data is completely consolidated or has reached some desired level of consolidation. The 
consolidated data is then wirelessly transmitted to a data collection unit. 

5 

Conventional wireless approaches, such as the one in the "601 patent mentioned 
above, use a variety of communications protocols. These communicationa protocols include: 
GSM-DCS, or Global System for Mobile CommunicationB-Digital Cellular 
System, which employs a form of time-division multiplexing called Time 
10 Division Multiple Access CTDMA"), used for cellular telephony in much of 

Europe and Asia; 

UMTS, or Universal Mobile Telecommunications System, used to deliver 
broadband information at speeds up to 2Mbit s/seCt including audio and video, 
to wireless devices anywhere in the world through fixed, wireless and satellite 

IIS systems; 

DECT, or Digitally Enhance Cordless Teleconmjunications, a common 
standard for cordless personal telephony originally established by the 
European Telecommunications Standards Institute O'ETSI''), a European 
standardization body» for cordless business communications; 

2D CDMA, or Code-Division Multiple Access, a digital cellular technology that 

uses ^read-spectmm techniques; and 

GPRS» or General Packet Radio Service, a standard for wireless 
communications which runs at speeds up to 115 kilobits p^ second and 
supports a wide range of bandwidths. 

25 However, the application of each of these protocols brings its own problems. For instance: 

UMTS, DECT, and CDMA arc telephony oriented, rather than network 
oriented, which imposes undesirable restrictions on communication of data in 
a seismic acquisition environment; 
UMTS is unproven in terms of its components; 

JO UMTS and GSM have the same upstream bandwidth as downstream 

bandwidth, which is wasteful in a seismic acquisition system needing a much 
higher upstream bandwidth than downstream bandwidth; 
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GPRS allocates more Uian one channel downstream and sometimes none 
upstream, which is conirary to the needs of a seismic acquisition system; 
GSM-DSC causes a poor use of the number of channels in the cell versus the 
possible range of the cell because of a disparity between the density of 
5 geophones in the cell and the surface area of the cell; and 

GSM-DSC still employs a wire between its base transceiver unit ("BTS") and 
the Basic Station Controller C^BSC") and between the BSC and the central 
recording and processing syston. 
Thus, current wireless techniques applied in seismic acquisition leave much to be desired. 

IV 

The present invention is directed to resolving, or at least reducing, one or all of the 
problems mentioned above. 



SUMIVIARY OF THE IT^TVENTION 
1^ The invention includes, in its various embodiments and aspects, an apparatus and 

method for collecting data acquired during a seismic survey. 

The apparatus is a seismic survey system, comprising a plurality of data sources, a 
plurality of cells, and a plurality of independent pathways. The data sources are positioned 
about an area to be surveyed, each data source being associated with a transmitter capable of 
20 transmitting data. The cells each contain a portion of the data sources and their associated 
transmitters. One of the transmitteni within each cell also serves as a gateway for receiving 
data transmitted from the other data source transmitters within the cell. The independent 
pathways each contain a portion of the gateways whereby data may be transmitted along each 
pathway via the or each gateway and asijociated transmitter in that paAway, 

25 

The method Is a method for conducting a seismic survey. The method comprises 
positioning a pluraHty of seismic data sources about an area to be surveyed^ each data source 
being associated with a transmlner; dcfuiing a plurality of cells such that each cell contains a 
portion of the seismic data sources; defining one of transmitters within each cell to also serve 
30 as a gateway; defining a plurality of independent pathways such that each pathway contains a 
portion of the gateways; wiihm each respective cell, transmitting seismic data from the 
seismic data sources to the gateway; and, within each pathway, transmitting the seismic data 
through the portion of the gateways to reach a central location. 



9 f 

9 
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BRIEF DESCRIPTlOfj OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

5 

FIC. ] illustrates a land-based seismic survey employing a seismic array constructed, 
deployed^ and operated in accordance with one panicular embodiment of the present 

invention 

PIG. 2 conceptually illustrates the seismic array in FIG. 1; 
10 FIG. 3 depicts a grouped data acquisition cell from FIG. 2 in greater detail; 

FIG. 4A and FIG. 4B illustrate alternative implementations of a basic data 
ac;quisition cell such as may comprise the grouped data acquisition cell of FIG. 3; 

FIG. 5A and FIG- SB conceptually illustrate a data collection unit as may be used in 
the embodiment of FIG. I ; 
15 FIG. 6A/FIG, 6B, and FIG, €C illustrate one particular embodiment in which 

grouped data acquisition cells overlap; 

FIG. 7 illustrates a second embodiment alternative to that in FIG, 6A, FIG. 6B, and 
nC. 6C in which the grouped data acquisition cells not only overly, but are interleaved; 

FIG. 8A and FIG. SB illustrate a third embodiment alternative to those in FIG. 6A, 
20 FIG. 6B, and FIG. 6C and in FIG. 7 in which relay points arc employed between interleaved 
grouped data acquisition cells and the data collection unit to improve bandwidth; and 

FIG. 9 illustrates a fourth embodiment alternative to those in FIG- 6Ap FIG. 6B, and 
FIG. 6C» in FIG. 7, and in nG. 8A and FIG. 8B. 

2^ While the invention is susceptible to various modifications and alternative forms, the 

drawings illustrate specific embodiments herein described in detail by way of example. It 
should be understood, however, that the description herein of specific embodiments is not 
intended to limit the invention to the particular fonns disclosed, but on the contrary, the 
intention is to cover all modifications^ equivalents, and alternatives falling within the spirit 

}o and scope of the invention as defined by the appended claims. 
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DETAILED DESCRlFriON OF THE INVENTION 

Ulustrativc embodiments of the invention are described below. In the interest of 
clarityi not alt features of an actual implementation are described m fhi8 specincation. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
5 implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover^ it will be appreciated that stich a 
development effort, even if complex and time^onsuming, would be a routine undertaking for 
those of ordinary skill in the art having the benefit of this disclosure. 

10 

FIG. 1 illustrates a laiid-based seismic survey employing a seismic survey system 100 
in accordance with the present invention. The apparatus includes a seismic recording azray 
105 constructed, deployed, and operated as discussed further below. The seismic recoiding 
array 105 includes a plurality of data sources 106 positioned about an area to be surveyed, 
13 each data source 106 being associated with a transmitter 108 capable of wiielcssly 
transmitting data collected by the data sources 106» as indicated by the wireless link 109. The 
data sources 106 are implemented, in the illustrated embodiment, with, ^.jTm eonventional 
geophones as arc known to the art. 

20 FIG. 1 shows the seismic recording array 105 connected to the recording truck 110 

via the wireless link 109. A seismic source 1 1 S is also shown. A data collection unit 120 is 
shown centrally located on the recording truck 110* However^ as will be appreciated by those 
skilled in the art. various portions of the data collection unit 120 may be distributed in whole 
or in pari, e.g.^ across the seismic recording array 105» in alternative embodim^ts. The 

29 seismic source 115 generates a plurality of seismic survey signals 125 in accordance with 
conventional practice* The seismic survey signals 125 propagate and arc reflected by the 
subterranean geological formation 130. The seismic data sources 120 receive the reflected 
signals 135 off the geological formation 130 in aconventional manner. 

y) The seismic data sources 106 then generate data representative of the reflections 135, 

and the seismic data is embedded in electromagnetic sigtials* The electromagnetic signals are 
then communicated to the data collection unit 120 in accordance with the present invention. 
More particularly, the seismic data sources 106 communicate the seismic data they collect to 
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the data collection unit 120 over the wireless link 109 through the transmitter 108 in a manner 
discussed more fully below. 

The data collection unit 120 collects the seismic data for processing, The data 
5 collection unit 120 may proce^js the {leicmic data iUelf. store the seismic data for processing at 
a later time, transit the seismic data to a remote location for processing, or some 
Qombination of these things. In the illustrated embodiment, the data collection unit 120 
transmits the seismic data to a fixed-base facility 140 via a satellite 145 and the satellite links 
1 50, although this is not necessary to the practice of the invention. Ultimately, in accordance 
10 with the present invention, the data collected by the seismic data sources 106 is tiwismiltod to 
a central facility or location. This central facility may be a computing and storing center 
C'CSC"). ^.gv, the recording track 1 10 or the fixed-base facilily 140. 

FIG- 2 conceptually illustrates the arrangement of the data sources 106 in the seismic 
15 recording array 105 in FIG. The seismic array I OS comprises a plurality of grouped data 
acquisition cells C'GDACs") 200. In the illustrated embodiment, there are four but the 
invention is not so limited. The number of GDACs 200 will vary by implementation. An 
individual GDAC 200 is depicted in FIG. i. Each GDAC 200 comprises a plurality of basic 
data acquisition cells (**BDACs**) 300. The number of BDACs 300 in each 200 is not 
20 material to the practice of the invention, but three BDACs 300 are shown in the GDAC 200 
of FIG. 3. Note that the number of BDACs 300 in any given GDAC 200 may vary. For 
instance, one GDAC 200 may comprise three BDACs 300 while another GDAC 200 in the 
same array may comprise four BDACs 300. 

25 Each BDAC 300 comprises a plurality of seismic sensors 305 and a central 

transmission unit 310« The connections betweoi the seismic sensors 305 and the central 
transmission units 310 may be wired, as in the BDAC 400a in FIG. 4 A, or wireless, as in the 
BDAC 400b in FIG. 4B. The seismic sensors 305 will typically be acquisition devices, e g.^ 
geophones, but other types of seismic sensors may also be employed. For instance, some of 

)(> the seismic sensors may be positioning devices^ Global Positioning System (**GP$") 
receivers. Still other kinds of seismic sensors may also be employed. However, in at least 
one BDAC 300 of each GDAC 200, the transmitter 315 is also capable of receiving seismic 
data from the other transmitters 310 and transmitting that seismic data along with its own. 
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Thus, the seismic recording array 105 includes a plurality of cells, e.g., the GDACs 
300. Each cell contains a portion of the data sources 106, eg., the data sources 30S, and their 
associated transniiUers^ e.g., the transixiincrs 310. One of (he transmitters within each cell, 
5 eg., the transmitter 315, also serves as a ^'gateway*' for receiving data transmitted from the 
other data source transmitters, eg., the transmitters 3 1 0, within the cell. 

As noted relative lo FIG. 1, the seismic suivey sysltTn 100 includes at least one data 
collection system 120. Note that some alternative embodiments may employ multiple data 

10 collection systems 120. The recording truck 105 is equipped with a rack-mounted computing 
apparatus 500. illustrated in FIG. 5A and FIG. SB, with which at least a portion of data 
collection system 140 is implemented. The computing apparatus 500 includes a processor 
505 communicating with some storage 510 over a bus system 515. The storage 510 may 
include a hard disk and/or random access memory ("RAM*') and/or removable storage such 

15 as a floppy magnetic disk 517 and an optical disk 520. The storage 510 is encoded with a 
data structure 525 storing the data set acquired as discussed above, an operating system 530, 
user interface software 535, and an application 565. The user interface software 535, in 
coru'unction with a display 540, implements a user interface 545. The user interface 545 may 
include peripheral I/O devices such as a key pad or keyboard 550, a mouse 555> or a joystick 

2C 560. The processor 505 runs under the control of the operating system 530, which may be 
practically any operating system known to the art. The application 565 is invoked by the 
operating system 530 upon power up, reset, or both, depending on the implementation of the 
operating system 530. 

25 Referring again to FIG, 1, the acoustic waves 125, their reception by seismic sensors 

300 (first shown in FIG. 3), and the generation of data from the reflections 135 may be 
performed in conventional fashion. Thus, for instance, the seismic source 1 15 may be any 
seismic sotirce known to the art, eg, a vibrator or an explosive charge. Similarly, Ihc 
seismic sensors 305 (first shown in FIG, 3) may implemented using any type of seismic 

30 sensor known to the an and suitable for the survey being implemented. 

Data transmission to the data collection unit 120, however, IS performed in 
acconlance with the present invention. One BDAC 300 in each GDAC 200 is a ''gateway" to 
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the GDAC 200, All communicalions to and from any BDAC 300 in the GDAC 200 to and 
from the central location mentioned above (e.^., the data collection unit 120) proceeds 
through the gateway BDAC 300. Jt is not material to the practice of the invention which 
panicular BDAC 300 is designated the gateway, although range and power considerations in 
5 any given impleinentation may influence the designation. 

Referring now again to FIG. 2, each BDAC 205 that is not a gateway 210 transmits 
its data via its central transmitting unit 3 10 (first shown in FIG. 3) to the gateway 210 of its 
GDAC 200, as represented by the wireless links 215, The gateway 2 1 0 col lects the data from 

(0 the other BDACs 205 and wirelewly transmits the accumulated data to the next GDAC 200 
in the direction of the data collection unit 120, as represented by the wireless links 220. If 
there is no such GDAC 200, then the data is wirelessly transmitted directly to the recording 
unit 120, as represented by the wireless link 225, Thus, seismic data is transmitted in this 
"cascaded" fashion across the seismic recording array 105 and, ultimately to a CSC. Note 

15 that the any given ODAC 200 receives data transmitted by only one other GDAC 200. Thus, 
the wireless links 220, 225 represent a plurality of independent pathways, each containing a 
portion of the gateways whereby data may be transmitted along each pathway via the 
gateways and associated transmitters in that pathway. In some embodiments* information can 
also be transmitted Co the BDACs 205 and gateways 210 back over these same pathways. 

Data can be transmitted between GDACs 200 in one of at least two ways. First, data 
may be transmitted in a continuous, or asynchronous^ mode. In this mode, gateway 210^ 
transmits lo gateway 21 Oi^i when data is ready for transmission^ without regard for when 
gateway 2l0{4i transmits data to 2lOi42. It) this fashion, each gateway 210 receives data 

2^ transmitted to it, assembles it with its own data, and transmits the resultant data set to the next 
gateway 210 in the pathway until the data reaches the data collection unit 120. Second, data 
may be transmitted in a discontinuous, or synchronous^ mode. In this mode, data is . 
transferred from gateway 210| to gateway ZlOi^-t at (he same time gateway 21 Oj+a transmits 
data to 210i43 and at predefined periods* In the next predefined period, data is transferred 

3g from gateway ZlOj^i to gateway 210j4-2 at the same time gateway 2l0\4.ji transmits data Thus, 
at a predetermined time half of the gateways 210 transmit what data it has to the next 
gateway 2 10 in the pathway and, at the next predetermined lime, the second half transmits its 
data to the next gateway 210.. 
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In the illufitratcd embodiment, the data is transmitted over the wireless links 220. 225 
using the S02.1 1 standard. The 802. 11 standard is a family of speei/ieations developed by the 
Institute of Electrieat and Electronics Engineers CiEEE") for wireless local area network 
5 ("LAN'*) technology. 802.1 1 specifics an over-the-air interface between a wireless client and 
a base station or between two wireless clients. There are several specifications in the 802.1 1 
standard, including; 

802.1 1 — applies to wireless LANs and provides 1 or 2 Mbps transmission in 
the 2.4 GHz band using either frequency hopping spread speclnim ("FHSS'*) 

10 or direct sequence spread spectnim ("DSSS'*)> 

802.1 la — an extension to 802.1 1 that applies to wireless LANs and provides 
up to 54 Mbps in the SCHz band. 802.11a uses an orlhogonal frequency 
division multiplexing encoding scheme rather than FHSS or DSSS. 
802. 1 lb (also refeircd to as '*802. 1 1 High Rale" or "Wi-Fi">— an extension to 

15 802.11 that applies to wireless LANS and provides U Mbps transmission 

(with a fallback to S.5t 2 and I Mbps) in the 2,4 QHz band. 802«1 lb uses only 
DSSS. 

802.1 Ig— which applies to wireless LANs and provides 20^ Mbps in the 2.4 
QHz band. 

20 Other standards, however, may be used in alternative embodiments. However, in various 
implementations* the communications over the wireless links 22, 22S may employ either 
frequency division or time division multiplexing techniques* 

lo the embodiment illustrated in FIG. 2» neither the BDACs 20S. 210 nor the GDACs 
25 200 overlap. However, this is not necessary to the practice of the invention. Indeed, where 
increased transmission bandwidth is desiredt two or more GDACs 200 may overlap. 
Consider the embodiment 600 in FIG, 6A, In FIG. 6A, each GDAC 60S comprises a 
gateway BDAC 610 (only one indicated) and multiple BDACs 6lS (only one indicated) that 
do not serve as gateways. The GDACs 605 overlap, and the overlap defines a length L for 
JO the GDACs 605 different from their coverage range X. Note that the overiaps vary and. 
consequently, L\ « Li^i. Note also that the coverage range R is less than the maximum 
coverage range Rmaxi i.^-. R{ < R\nwt. One consequence of the difference between the actual 
range R and the maximum range Rmax is a '^secure overlap." The overlap is secure in the 
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sense that it provided a spatial margin for error in data transrnission. PIC. 6B illustrates 
communications between the BDACs 615 and the gateway BDAC 610 in each GDAC 60S. 
FIG. 6C illustrates eommunieations between the GDACS 605. 

5 Note that these phy&icfil characterifitics can impact operational performance. For 

instance, Table 1 illu&irates how the GDAC length L impacU bit rates under two different 
802. 11 standard spcciiicationa. 



Table 1« GDAC Lenetb L vs. Bit Rates 





750 m 


500 m 


250 m 


150 
m 


60 m 


50 m 


35 m 


25 m 


In door 
(54 Mbps) 


X 


X 


X 


X 


5 Mbps 


10 
Mbps 


35 
Mbps 


54 
Mbps 


Indoor 
(1 1 Mbps) 


X 


X 


X 


X 


1 Mbps 


2 Mbps 


5.5 
Mbps 


11 
Mbps 


Out door 
(54 Mbps) 


X 


X 


X 


X 


X 


X 


X 


X 


Out door 
(11 Mbps) 


1 Mbps 


2 Mbps 


5.5 
Mbps 


11 

Mbps 


11 
Mbps 


11Mbps 


11 
Mbps 


11 
Mbps 



10 Those skilled in the ail having the benefit of this disclosure will also appreciate other ways in 
which the physical charactenEtics of the GDACs aflect operational performance. For 
instance, the distance between the gateways 610 may be limited to meet transmission 
licensing constraints and/or to improve reliability, Note that the characteristics presented in 
Table might change over time due to improvements in the seismic survey system and/or 

15 protocols employed. 

Other variations may also be employed. GDACs may, for instance, also be 
interleaved, and communications may be conducted using more than one carrier frequency. 
Consider the emtx)dimcnt 700 in FIG. 7, in which the GDACs 705 are interleaved and in 
20 which the GDACS 705 communicating on diflcrent carrier frequencies arc indicated in 
different hatch patterns. Thus, the *'top'* line 710 communicates on a first carrier frequency 
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and the **bottoni" line 715 communicates on u second frequency* Each of the lines 710» 715 
communicates in the manner illustralcd by FIG. 6A - FIG. 6C, with communicalione within 
GDACs 705 conducted as shown in FIG. <5B and communications between GDACs 705 
conducted as shown in FIG. 6C Eventually, the data communicated through the lop line 710 
i and through the bottom line 71 5 is transmitted to the CSC, e.g., the reu^ordxng truck 1 10 or the 
fixed^base facility 140 in FIG- 1» Note, however, that communications through the top line 
710 on the first carrier frequency constitute a separate, independent pathway lo thv CSC 
relative to the communications through the bottom line 715. 

to In larger spreads, bandwidth can be increased by the use of ''relay points** on the 

itidependent pathways. FIG« 8 A illustrates one such embodiment 800, which is a 10 km long 
spread, divided into two 5 km long •^zones of coverage." Each zone of coverage is separated 
into 2.5 km areas. Each relay point RP is positioned, in this panicular embodiment^ to 
roughly divides the 5 km zone of coverage into the 2.3 km areas. Note that the distances are 

IS not material to the practice of the invention. Similarly, the relay points RP need not 
necessarily divide the zone of coverage in half in all implementations of this embodiment* 

The relay points RP act as wireless bridges between the data acquisition and the data 
collection. In the illustrated emtKidiment, they are implemented using Cisco Aironet 340 
30 Series Wireless Bridges commercially available "oiTthe sheir fVotii Cisco Systems^ hie*, 170 
West Tasman Dr.« San Jose, California 95134, U.S.A. Information about these bridges is 
readily available at this address, by phone at (800) 553-NET$, or over the World Wide Web 
at www.cisco.co m. However, the invention is not so limited and any suitable electronic 
device may be used. 

25 

Still referring to FIG. 8A, the spread comprises 8 'lines" 802 - 816 of GDACs 820 
(only one indicated). Each line 802 - 816 operates on one of four carrier frequencies 
indicated by four different batching patterns. Thus, lines 802, 810 operate on a first carrier 
frequency; lines 804, 812 operate on a second carrier frequency; lines 806, 814 operate on a 
30 third carrier frequency; and lines 808» 816 operate on a fourth carrier frequency/ 

In operationt the CDACs 820 transmit their data in the asynchronous mode di&cussed 
above, as shown in FIG. BB. As the gateway 31 Oo gathers data collected in the GDAC 820b, 
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ii iraj^smiu it lo the gateway 31 Oj, The gateways 31 Oj, JlOj act similarly with respect to data 
collected from the its respective GDACu GDACa and preceding GDAC 820o, 820|, 
respectively. Data is handled in the same manner by the gateways 310^, 310?. However, the 
data does not continue to cascade across all GDACs 820 in the lines 802 - 816. Instead, the 
$ gateways 3IO3, 3IO4 transmit data collected by their GDACa. GDAG and the prcceiling 
GDACs in its independent pathway to the relay point RP, which relays the data to the data 
collection unit 120. 

Returning now to FIG, 8 A, each relay point RP serves one 5 km zone of coverage for 
10 one set of lines 802 - 808. 810 - 816. Thus, in the illustrated embodiment, each line 802 - 
816 includes two gateways 3103» 3104> as shown in FIG. 8B. that transmit to a relay point 
RP, which then relays the data to the data collection unit 120, In one particular 
Implementationi the invention achieved performance as good as or better than conventional 
wired acquisition systems. This perfbimance included a bandwidth of 144 kbps x where 
13 N is the number of sensors (up to 100,000 "ID" or "3D" geophones); real time data 
acquisition and transmission to a central system for computing and storings and ia range of 10 
km X 5 km for the spread. Table 2 presents some operational parameters for an 
implementation such as that in FlC, 8A, PIG. SB, assuming 1 1 Mbps and two relay points 
with an 802.1 1 protocol 

20 



Table 2. OperatioQal Parameters 



Compression 


••ID" Geophone 


"3D** Geophone 


None 


20m ^ BDAC ^ 50ni cell ^ 250in 


BDAC " SOm cell ^ 2S0m 


Compression factor" 
2 


1 0m ^ BDAC £ 50m cell s 250m 


30m S BDAC s SOm cell S 2S0m 



Note that the practice of the invention does not require that the data be transmitted 
from one GDAC to another in the "cascaded" fashion shown in the embodiments discussed 
z$ above. In sufficiently small spreads, such as the one shown in FIG. 9, comprising only a few 
GDACs 900. the BDACs 905 transmit the data they collect to the gateway BDAC 910 as was 
discussed above. However, the gateway BDACs 91 0 transmit their data and the data received 
from the other BDACs 905 directly to the data collection unit 120, rather than through other 
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GDACs 900. Thus, the wireless links 925 constitute the independent pathways in such an 
embodiment. 

Note also that, in the illustrated embodiments, all the communications pathways are 
9 shown as substantially linear, the cells arc shown have rectangular geometries, and the cells 
arc arranged in 'lines'' running left to right. However, these conventions are employed for 
ease and clarity in illustration, and the invention is not limited in these respects. The cells 
may employ other geometries, and the communications pathways may be substantially non- 
linear in alternative embodiments. Also, the left to right orientation of the lines in the 
10 illustrated embodiments is a convenience for clarity in illustration. The invention admits 
wide variation in these aspects. 

The particular embodiments disclosed above are illustrative only, as tiie invention 
may be modified and practiced in difTcrent but equivalent manners apparent to those skilled 
1.1 in the art having the benefit of the teachings herem. Furthermore, no limitations are intended 
to the details of construction or design herein shown, other than as dcacribed in the clainas 
below. It is therefore cvidoit that the particular embodiments disclosed above may be altered 
or modified and all such variations are considered within the scope and spirit of the invention. 
Accordingly, the protection sought herein is as set forth in the claims below. 
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1 • A seismic survey system ( 1 00). comprising: 

a plurality of data sources (106) positioned about an area to be surveyed, each data source 

( 1 06) being associated with a transmitter (1 08) capable of transmitting data; 
a pJuraiity of cells (200) each containing a portion of Ac data sources (106) and their 
associated transmitters (108), one of the tnmsmittera (108) within caoh cell (200) 
also serving as a gateway (3 1 5) for receiving data transmitted from the other data 
source ( J 06) transmitters ( 1 08) within the cell (200); and 
a plurality of independent pathways (225). each Independent pathway conioining «t least 
one gateway (315) whereby data may be transmit^ along each pathway (225) 
via the ut least one gateway (315) in that pathway (225). 

2. The seismic survey system (100) of claim I, wherein no gateway in a path directly 
receives data from rnorc than one gateway or directly transmits data to more than one gateway. 

3. The seismic survey system (100) of claim 1. wherein at least one cell (200) is arranged to. 
in addition to transmitting data from data sotirces in the cell, relay, in use, data received fmm a 
gateway (3 1 5) of another cell. 

4. The seismic survey system (100) of claim I. fiinhc-r wherein the transmitter (108) capable 
of transmitting data comprises a transmitter ( 1 08) capable of wirelessly transmitting data. 

5. The seismic survey system (100) of claim 1. fiirther comprising a computing and storing 
center (1 1 0, 140) for receiving the data transmitted along each pathway (225). 

6. The seismic survey system (100) of claim 5, further comprising at least a pair of relay 
points (RP) through which the data transmined along each independent pathway (225) is relayed 
to the computing and storing center (1 10. 1 40). 
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7. The seismic survey system (KX)) of claim 1, fuitfaer comprising a fixed-base facility 
(140) to which the dam is transmitted. 

S. The seismic survey system (100) of claim 7, further comprising a recording truck (110) 
through which the data is transmitted to the iixed-base facility (140). 

9. The seismic survey system (100) of claim I, wherein the transnUtters (108) capable of 
transmitting data are capable of transmitting data in an asynchronous mode. 

10. The seismic survey system (100) of claim 1, wherein the transmitters (108) capable of 
transmitting data are capable of transmitting data in a synchronous mode. 

11. The seismic survey system (100) of claim I« wherein the data is transmitted along each 
independent pathway (225) according to frequency division multiplexing. 

12. The seismic survey system (100) of claim wherein the data is transmitted along each 
pathway (225) according to time division multiplexing. 

13. The seismic survey system (100) of claim 1, wherein the distance between gateways 
(315) of adjacent cells (200) is limited according to transmission licensing constraints. 

14. Tlie seismic survey system (100) of claim 1^ wherein the distance between gateways 
(3 1 5) of adjacent cells (200) is limited to improve reliability. 

1 5. The seismic survey system (1 00) of claim 1 , wherein the pathways (225) are substantially 
linear. 

1 6. The seismic suivey system ( 1 00) of claim 1 , wherein the cells (200) overlap. 

1 7. The seismic survey system (1 00) of claim 1 , wherein the cells (200) are interleaved. 
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1 8. A method for use m seismic surveying, comprising: 

colleciing a plurality oftwifimic data at a pluraliiy of seismic data sources (106;, , each 
data source (106) being associated with a transmincr (108) capable of transmitiing 
daia, the seismic data sources (106) being organized into a plurality of cells (200), 
one of the transmitters (108) within each cell (200) also serving as a gateway 
(315) for receiving data transmitted from the other data source (106) transmitters 
(108) within the cell (200); 
iransmitting the collected seismic data over a plurality of independent pathways (225) to 
a cenu^I location (110). each independent pathway containing at least one 
gateway (315) whereby data may be transmitted along each pathway (225) via the 
at least one gateway; and 
coIJeciing the transnutled seismic data at the central location (110). 

19. The method of claim 18, wherein no gateway in a path directly receives data from more 
than one gateway or directly transmits data to more than one gateway. 

20. The method of claim 18, wherein transmittmg the collected seismic data includes 
transmitting the collecied seismic data using one of frequency division multiplexing and time 
division niulliplexing. 

21. The mcihod of claim 18. wherein the cell (200) definitions arc constrained with 
transmission liccnsiTig constraints. 

22. The method of claim 18, wherein the disunce between cells (200) is constrained to 
improve reliability. 

23. The method of claim 1 8, wherein the cells (200) overlap. 



24. 



The method of claim 1 8, wherein the cells (200) are interleaved. 
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25. The method of claim 18* wherein defining the independent pathways (225) include at 
least a pair of relay pojntfi (RP) through which the collected seismic data is transmiucd lo the 
central location (110). 
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(.>7) ABSTRACT 
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(ran^mivsioo friif^ucncii^s snd/or Irtinrimi.v^^K'Hi liiite slDts ot 
vudv2i c»n b< rcMvtd by cells sufticicnily spauud npiirl kj 
avoid cvvhaiiiicl iiiicrtercnc«, ih<(r^hy incrvAsing ihe 
ftmouni ol uh&bW bandwidth. 
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(57) Alni(r(ict 



A seismic acquisition sy*ittn diviJeS a soivey lexnin inloanumbcrvf cells (M) each containing tt tell occess node ( 16) «fKl » number 
ol g(;i)};iliorte iinitx (10). The gcophwe tmiis (lO) iransmi; dau in Ji^iltil foim to me respective cell access i)od« (l<t) by wireleiit lelenieirx. 
and the cell acceiis node:! (l6) forward the diiiu to a crtniral control (I2> by broadbiind channeli. 
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ABSTRACT 



Seismic dou aoiuuitioji 4evtce» (BA) 4Uiribute4 id vb 
cx|4ofiiioo 2ooe ue divide4 Uto ii groups (GAl lo GAa) 
and. thotin. into sub-grw^K having each a :;pccilkc firc^ 
^ueacy for cOnmiaiucaiiPfi wliH a isAHttniraTtoo unii (Ck> 
wfaicfa is coDDccicd to a ctatTAl staiioo (J) tliroogh Kemiao 
chAAocls or CAbl^t or Apdcil fibers. Acqulsitioii dcvfcei la 
the various subgroups coimiiuaicatt suouttafieously witi) the 
CorrtxpondlAg coDccsmticMi unit (Ck) <luring prcdctcmuBcd 
ecBa»»ii^D wudowj. Th« cpQC^ptracioa Unit collects th^ 
Qfllx received from the scquisidoo devices to transmit (hero 
in series to stalioa (1). The acquisition devices arc ada|>ted 
for delaying tb^^ir own emissioB window AocordinijE to the 
rank whicb tm tTven |)coviou$ly assi^ied ihoeco within the 
respective vihpoupB ihenaf. 
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A pxfKtsA comprising: trammittinfi remote dau signals independently froiu each rnxte q( the plurality of permanently coupled remote 
sensor nodes to a conceniraior of the data signals, nnd iran^mlKing conceniniied data signals I'rom the conccnhalor lo a recorder, A reservoi/ 
nKmiloring Sy5tem comprising, a plurality of permanemly coupled remote sensor nodes: a concenirator of fiignalfi from ihc plurality of 
pennnncntly coupled temotc sensor nodes; and a recorder of concentrated signals from the conccnrrator. A rcscryojr monilorinK system 
compriinig: a pluraliiy of pemiancnily coupled temote sensor nodes^ ivhercin each node comprises a plurality of seisntlc sensots and a 
dfgiiiier of analog signals; a cotKcritrator of sIgTtaijf received Ironi the plurality of pemiancndy couplcd remote sensor nodes: a plurality 
of remote transmission lines which independently COOrwct each of the plurality of remote sensor nodes to the concenfiralon o recorder of 
coiiceniraied signals from Uic cotKentrator, and a transmission line which conoecU the concentrator to the i«corder 
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A15STKACT 



Dic^nns seismic sensor signals to a rccordiDg unit, including 
a coQtroJ uoic And a'naiog-to^'gjtal conveyer um(^ co&oectcd 
to the control uniL The conveyer units each include integral 
intencohnecting cables bavibj^ an hermaphrodltie ermne^tor 
at each er}d« analog seismic sensor inputs and signal pro- 
cessing drcultry disposed within a watcni^ housing form- 
ing pan of chc cable*. The drcuitry {ndiid^x ai>il(>g-fO' 
dl^iAl c<vnveycr4 connected m the uulog irjputx. * buffer for 
digitized ^Igoftis trausjnitifld lo one convener unit from other 
convener imiti^ inrerconnccted to tbc conveyer unit opposite 
to the control unit connecfloo* a digital tr^ioscclvcr fox 
retransmission of digitized sensor aigoals and Oe buffered 
signals at a first data rate to the control unit The control unit 
Indudci a second buffer for slgnnli from the conveyer unit 
and for signals retransmitted from other control units saially 
codcctcd to the control unit. The cootrol uoit further includes 
e ^ccQDd tnmsceivcr fur rctranjioilUofi buiTacd siffaais from 
the uoovcyer unit:} txnd from other control uuits lo the 
recording unil at a second data rate higher (hun the first dotu 
fate. 

A preferre4 etidbodiiDetir inclvides a data bufTeriiig ttnir 
iolcrcomiected t>etwecii ttie iccordiag unit aud Uit; control 
unit. The buffering unit comprises an<Kber digital rrAOsceiver 
tor communicating control signals IrDiD the recardiag unit 
and tending digited signals 10 the recording unit, and a 
buffer for Kinring digitized fiignalK from the control unit and 
f/oin other ones of the !>u^enng units intcfconncctcd to tl)c 
one bufTerlng unit. 
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Patents Act 1977 

Examination Report under Section ] 8(3) 
Scope, clarity 

1. The four independonl claims do not defijie the invention clearly. The two independCTt 
system claims (1 and 16) and the two independent jneihod claims (31 and 38) provide 
different, overlapping definitions of the invention which make it difficult to determine the true 
scope of the matter for which protection is sought, Thwj the claims do not define the 
invention in a clear and concise xtianiier and amendment is needed. When amending, plca^se 
bear in mind that as indicated in our "Code of Practice for patent applicants and agents", 
unless it is unavoidable, tlie claims should contain no more than one independent claim for 
each category of iJivention, wh.ich> in this case, would bo one system claim and one method 
claim. 

2. In addition, none of the four independent claims individually provide a clear definition 
of the invention and in all it is necessary to clarify the definition of: the cell arrangement, the 
gateways and the independent palbwayin, 

3. First, it is miclear whether or not is it essential that each of the plurality of cells 
contains a "plurality" of data sources (c,16) or whether each cell merely needs to contain '*a 
portion** of the plurality of data sources (c.l , c.3 1), where "a portion" could bo anything from 
"one" to "all but one" of the plumlity ofdata som-ces. 

4. Second, claims I and 3 1 refer to a cell containine portion" of the data sources but it 
is unclear whether this means that each cell contains "a different portion" of the data sources, 
implying that, from a functional point of view, a data source resides in only one cell at a time, 
or whether a data source can functionally rejside in two or more overlapping or interleaved 

at the same time. In the invention as described, it seems (0 tne that at any one time, a 
data source is only ever a member of one cell, even if the covcra^i^c areas of the cells overlap 
or interleave. If my interpretation is coiTCCt, the claims should clarify that each cell contains 
"a dilTer ent portion" of the data sotu-ces and that the cells areas overlap or interleave. 

5. Third, the function of the gateway and the arrangement of the gateway apparatus is not 
clearly deihicd. Claim 1 indicates that each data source ha.s an associated transmitter and that 
in each cell, ass of these transmitters serves as a gateway. This is in agreement with the 
described invention as I understand it In contrast: claim 16 does not indicate that each cell 
has a gateway, claims 16 and 3 1 indicate that a data source serves as a gateway^ rather than a 
data soiu-ce iranamitter: and in claim 38, the gateway is neither id^tilicd as a data Aoun:e nor 
as a data source transmitter. 
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G. Moreover with regard lo ihc gateway, ii seems lo me that an essential aspect of tho 
gateway is that, in addition to receiving data Iransmitted from the other data source 
transmitters within a ce ll, the gateway is also able to receive data transmitted from one other 
gateway, see page 8 lines 14-15 and page 12 line 23 - page 13 line 2» and the claims should 
be clarified accordingly. Claims wlilch require one gateway to transmit data to another 
gateway (els. 31 and 38), exclude the embodimcnl of Ogure 9. 

7. Fourth, the claims are unclear in then* definition of the data pathways. From the 
description it swim that data is tnuismitted from each data source to a central localion along 
an independent pathway lhai contains at least one gateway . 

8. In my view^ claim 1 seems to be the claim that is clearest and most con$ij3tenl with the 
described invention and in my opiniuu, this claim should form the basis for the amended 
inUcpendetit claims (system and method). Thus, in siUEunary, it seems to me that: 

a) claim I line 5 should be amended to indicate that each eel) contnins "'a dilTcrcnt 
portion" of the data sources, 

b) claim I line 7 should indicate that in addition to receivings J^*^^ Iransmilled from the 
other data source transmitters witl)in tlie celK tlie gateway is also able to receive data 
transmitted from one other gateway, and 

c) claim 1 lines 8-10 should indicate that in the system, "daia is transmitted from each 
data soim^e data to a central location along an indepcndc;Dt pathway that contains at 
least one gateway". 

9. A corresponding method claim is also required and consequential amendments may be 
needed in the dependent claims. In particular, the embodiments employing relays arc unclcar 
and require clarification. 

Novelty or Inventive step 

1 0. Althou^iih your invention is not set out clearly, it seems that it might not be new or that 
it might be obvious in view of what is disclosed in the following document: 

a) US 6226601 Bl (LONGAKER) - sec whole document, especially column 5 liocs 51- 
53 and column 6 lines 53-55 

b) WO 98/18022 Al (VIBRATION TECHNOLOCiY) - see whole document 

c) US 5706250 (RIALAN et al.) - see absiract and figures 1 & 4 

d) WO 98/07049 A2 (PETROLEUM GEO-SfiRVrCES)- see figures 

e) US 5627798 (SIEMS et aL) - see figure 1 

1 1 . Please note that these documents are the most relevant of many that were found to 

satisly the common subject matter of the indcpciident claims, namely "seismic surveying 
means comprising a plurality of data sources disposed within a plurality of cells where at Itsasl 
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one of the cells has at legist one gateway to receive data trdnsmiiied lioai Oie data sources 
wiihia the celP'. 

J2. Claims 1-3, 5-6, 9-10, 13, 16-18, 20^21, 24-25, 28, 31-32, 38-39 at least, appear to be 
met by the admitted prior art U>S0226601 . In US*601, one measurement device in each cell 
aoUsi HS a hub that receives data firoro the other measurement devices in the cell. One ofihcse 
hubs then acts as a hub for the other hubs and so on. 

1 3. Disclosures in WO 98/18022, US 5706250, WO 98/07049 & US 5627798 further 
anticipate claims 38 and 42: 

a) WO 98/1 8022 & US 5706250 show seismic data sources arranged in cells, each 
having a device (not a seismic data source) which wirclessly receives data from the 
data sources for onward transniissioii to a central device. In I iS'250 the transmission 
rnay be wirclcst) and/or wired aiid in the wired arrangement, adjacent concentration 
units may be coupled to each other, sec fig 4. Overlappmg cells are shown in WO 
*022. 

b) WO 98/07049 & US 5627798 show wired seismic surveying systems and again, cell 
overlap is shown in WO '049. 

1 4. You should consider these documents carcruljy when amending your specification. 
Top up/further search 

1 5. Please note that the top up of the original search is l:)eing deferred until the true scope 
of the invention is clarified* 

Conflict with a corresponding European pAtent application 

1 6. This application appears to be similar lo your European patent application published 
under number EP 1573365, having the same priority date and designating GB. If patents 
granted on these two application.^ relate to the same invention, ihe Corript«x»ller will in due 
coiu^c revoke the patent granted on the present application unless either you amend the 
present speci fication to remove the conflict or, before the date of grant of the present 
application under Section 25(1), you begin proceedings to surrender the European patent 
(UK). Of course if the GB designation is withdrawn before the grant of the European patent, 
no action will be required under Section 73(2). 



All EaccuU ve Agency of the Depamtieni of l>adc and induslry 
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Latest da(<! for reply: 



5 April 2007 



I have re-examined your applicalion in response to your agent's letter of 21 July 2006 and 
enclose two copies of my further examination report and a copy of tlic new citations. Please 
accept my apologies? for the delay in this report. 

By the above date you should cither file amendments to meet the objections hi the enclosed 
report or make observations on them* If you do not, tlie application may be refused. 

You should also note thai ihc noririal, uoextended period allowed for complying fully with the 
requirements of the Act will end on 22 May 2007, However if yon need extra time to settle 
any remaining objections you are entitled to extend that period by two mon^ by filing 
Patents Fonn 52/77 and fee. 



Yours fHiUifiilly 



AniiarKeogh 
Kxaminer 



*U$e of E-mail: Please note that a-mail should be used fur correspondence only. 



I Ati AonsEftyic^n 



SEP-e7-2007 13:23 From:NESTERNGECO 



S816891977 



To: 915712730135 



P- 25^48 




For Inncvation 



Your r«f ; 
Application No: 
Applicant ; 



AMS.P52428GB 
OB0227293.g 

WestemGeco Seismic Holding 
Limited 



Examiner : 

Tel: 



Date of report : 



Anita Keogh 
01633 814380 
IS FcbruHry 7M7 



Lofcst dflte for reply; 



5 April 2007 



Page \/6 



Patents Act 1977 

Examination Report uuder Section 18(3) 



Basis of the examinatiun 

1 . My examination has taken account of the mnendments filed with your agent's letter of 
21 July 2006. The results of furlher {searching have also been telceo into account md there are 
two new citations, JP 1003 1 075 & US 3886494. 

2. As detailed in this report, even though your cljiims do not define your disclosed 
invention in a clear or concise manner, it seems tliat the invention is not novel or inventive 
since the cited documents anticipate some embodiments and show that the others are not 
inventive. 

Scope, conciseness, clarity, 

3. Your claims fail to define the invention in a clear, concise or consistent matiner and 
the Hpplicatjon fails to clearly identify the essential elements of the invention. 

4. I'he application contains 44 claims, of which 4 are independent and I mainlain my 
previous objection (sec report dated 28 October 2005, paragraph 1) that the different and 
overlapping definitions provided by the four independent claims (1 , 1 6, 31 & 38) obscure the 
scope of the invention. The claims as a whole hinder the reader. 

5. The guidance provided in our Tode of PracUcc for patent applicants and agents' 
indicates that, unless unavoidable, the claims should contain no more than one independent 
claim for each category of invention. In certain, limited circumstances, an invention may be 
such that it is not appropriate to limit the independent claims in this fashion but your 
invention does not appear satisfy those limited cireuJUStances and it seems that a clear and 
concise definition of the invention is possible via one system claim and one consistent method 
claim. (I note that a similar objection regarding multiple mdependent claims on the 
equivalent RP 1 573365 has resulted in amendment to limit die independent claims to one 
system claim and one method claim, although, in my opinion, the actual content of those 
claims (i.e. original claims ] & 38) is neither clear not consi.qtent). 

6. 1 have also carefully considered the comments in your letter but respectfully disagree 
with the argument that each independent claim is clear. In my opinion, none of the claims 
provide a clear definition of the cell content or 'independent' pathways. However rather than 
address the various problems of each claim individually, i feci that at this stage it is mon5 
expedient for me to .state what I imderstand the disclosed invention to be and what I would 
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consider a clear defuiltioQ of that invention. Tt is hoped thai die gloiily problems of each 
independent claim will become liipparent iix>m this report ns a whole. 

7. After careful consideration it seems to me that if one is to make sense of the disclosed 
arrangement, the system claim should be amended to dclixie: 

• the cells in terms of their transmitter (and associated data source) content and gateway 
content 

• the 'independent' pathways, in terms of where the pathway starts and finishes, the 
gateway content of the pathway and the form of data transmission in the pathway. 

8. As a rough guide only, it seems to me that the disclosed invention relates to a seismic 
survey system comprising a data collection point and a plurality of data sources positioned 
about an area to be surveyed. Each data source is associated with one wireless transmiitcr (i.e. 
the data soiirce(s)-to-transmitter association might be point-ro-polnt or niultlpoint-to-point but 
is not point -to-multipoint). The transmitter is for receiving data irom its associated diata 
source(s) (either wirclessly or via wires) and for wtrelessly tmnsmitting the received data on 
towards the data collection point The area to be surveyed is covered by a plurality of cells, 
where each cell contains at least Uirec of these y^ireless transmitters and their associated data 
sources. 

• Please note that 1 have referred to ^at least three transmitters' rather than 'at least two 
transmitters' because this corresponds to the described and illustrated embodiments 
and is also in line with your letter's suggestion of emphasising the Iheral interpretation 
of claim 1 's *onc of the transmitter within each cell also serving a gateway for 
receiving data transmitted &om the other data source transmitters within the celP. 
Your letter suggests that this indicates a limit of 'at least two transmitters per cell' but 
it actually indicates 'at least three'; tlie one transmitter that serves as the gateway plus 
at least two *other data source transmitters' ^om which tlie gateway receives data. It is 
not clear to mc tJiat a limitation of 'at least three* rather than 'at least two* is intended 
or indeed necessary but I would need evidence to assure me of the fact that a 
limiiAtion of at least two transmitters' is supported by the original disclosure. It is 
noted that if one were to seek support from page 6 lines 19-23 and equate the BDAC 
cell to the defined transmitter and the GDAC cell to the detined cell, the reference to 
the number of BDACs in a GDAC being immaterial to the invention would mean that 
an ari angement of one BDAC per GDAC (i.e. one transmitter per cell) would also 
have to be acceptable and within the scope of the claimed invention, wbJich does not 
seem to be the case. In addition, it is noted that the 'two transmitters per cell* 
embodiment is anticipated by two of the citations. 

9. One of the wireless transmitters within each cell acts as a cell gateway such that in 
addition to receiving data from its associated data source(s), it also receives data wirelessly 
transmitted from the other wireless transmittcr(8) within its cell and wirelessly transmits all 
tlic received data on» out of the cell^ towards the data collection point. A plurality of 
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(independent) pathways »n; employed (o inu)$inlt data from tlie data sources cither directly to 
the data collection unit or to one or more relays lhat relay Uie data to the data collection unit. 
Each pathway contains at Icuiil one gateway and data is transmitted wixclessly along a 
pathway via the or each gateway in the pathway, where any gateway-.to-gatewfly transmission 
witliin a pathway is point-to-point, i.e. the plurality of pathways are independent of each otlicr 
by virtue of the fact that no gateway in a pathway, directly receives data from more tlian one 
gateway or directly transtnits data to more than one gateway (see page 8 lines 14-15). 

10. This, seems to me to be how the majority of the described embodiments work, 
although claim 1 6 and page 6 lines 31-32 suggest embodiments where there are two or more 
gateways per cell, which clearly fall outside the scope of the above arrangement However, it 
is not clear to me that such embodiments are supported as there is no clear disclosure of how 
tlie invention would work with two or more gateways per cell. Thus it is my view that the 
embodiments of claim 1 6 ajid page 6 lines 3 1-32 fall outside the scope of the invention for 
which protection is cuirciUly souglit 



11. As detailed below, tfie invention as defined in the independent claims is anticipated. 
As previously reported, claims 1-1 3, ! 6-28, 3 1 -34, 37-41 , 44 are either anticipated or 
rendered obvious by US 6226601. In addition, since claim 38 does not require the gateway to 
be a data source transmitter that receives data from other data source transraitler(s) within its 
cell, claims 38, 42 & 43 are further anticipated or read onto, for example, by WO 98/18022« 
WO 98/07049 and US 5706250. 

12. Moreover, in terms of the disclosed invention as I understand it, US 6226601 
anticipates embodiments where the independent pathways each contain only 2SE gateway (see 
your Figure 9). In addition, further searching has found new citations .IP ] 003.1 075 and OS 
3886494 vdiJch anticipate embodiments where each cell contains two transmitters and the 
cells ovtsrlap. 

13. US 6226601 relates to a wireless seismic survey system utilising a multiple-level 
layered cell topology that may comprise ^o or more layers/levels (col. 2 lines 51-56 & col. 7 
line 65). In US 6226601, seismic data is collected from a plurality of measurement devices 
(e.g. geophoncs). Each measurement device is associated with a transmitter, either its own 
transmitter or the transmitter of a local collection point serving a group of measurement 
devices, (col, 3 Imcs 50-59, cot 4 lines 4-1 1 & col. 6 lines 55-64). 

14. The system has a plurality of first level cells such lhat data from a measurement 
device located within a first level cell is transmitted, via its associated transmitter, to a Layer 
1 hub (col. 3 lines 57-60). The hub may be a specially conligured transceiver device or 
another measurement device wjrh a transceiver (col. 6 lUies 53-54 & col. 7 lines 1-16). 
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15. The system also lias a pluroUty of second level cells such that data from a Layer 1 hub 
located within a second level cell is transniitied lo Layer 2 hub (coL 3 lines 60-62), >vbere the 
Layer 2 hub caji be one of the Layer I hubs located in the cell (col. 5 lines 51-53). 

16. In the terminology of your disclosure, and referring to your Figure 4b, in one respect, 
the transmitting measurement devices or transmitting local collection points in US 6226601 
can be considered to be data sources (305), making ihc Layer 1 hubs their associated 
tr<mOTiitlcrs, i.e. a Layer I cell equates to the BDAC shown in your Figure 4b, where the 
J^yer I hub is the transmitter (310), In this case, referring to your Figure 3, a Layer 2 cell 
then equates to your OD AC cell (200) and the Layer 1 hub that acts as the Layer 2 hub by 
receiving data from ihe oilier Layer 1 hubs within the Layer 2 cell> equates to the gateway 
trdnsmittcr (315) of your GDAC cell. 

] 7. Since it is apparent from Figure 10 that the disclosure of US 6226601 does not require 
complete consolidation of tlie data before it is transmitted to the collection point (1 080), in a 
two layer embodiment, there may thus be a plurality of Layer 2 hubs each trans^mitting data to 
a collection point or collection point relay (col. 3 line 63-co1. 4 line 3). This anticipates the 
embodiment where each of the plurality of pathways contains one gateway (see your Figure 



18. In another respect, since a hub can itself be a measurement device ^at just happens to 
be linked to a group of associated measurement devices, one might even argue that the Layer 
1 hubs in US 6226601 could be viewed as your data sources, the Layer 2 hubs as your 
transmitters and the Layer 3 hubs as your gateway transmitters (i,c. the layer two cell is your 
BDAC and the layer 3 cell is your GDAC). With this inteipretation, the one gateway per 
pathway embodiment is again anticipated, wilh Figure 10 showing half of your Figure 9. 

1 9. The new citations JP 10031075 & US 3586494 show seismic siuveying systems that 
have a plural ily of wireless transmitters, each associated with one or more gcophones, wfacie 
each transmitter is for transmitting the seismic data of its associated geophone(s) towards a 
central station. The data from llie geopbones is transmitted towards a central station via a 
plurality of pathways^ wiiere each pathway contains a plurality of transmitters and data is 
transmitted via each transmitter in the pathway in a point-to-point fashion, i.e. no transmitter 
in a pathway transmits data directly to more than one other transmitter and no transmitter in a 
pathway, receives data directly from more than one other transmitter. 

20. These two disclosures anticipate your claimed invention if, as your previous letters 
suggest, your claimed invention encompasses cells with overlapping content, wbere each cell 
need only contain two tramsmittera, one of which acts as the gateway for tlnat cell, JP 
10031075 and US 3886494 each show a row of transmitters (and associated data sources) and 
one may view these as a row of cells, where each cell contains two tratismitters and where 
adjacent cells overlap such that one transmitter is disposed in each overlap, i.e. each 
transmitter resides in two adiacent cells at any one time» where in one ceil the transmitter is 
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acting a55 the gateway, receiving data from the other transmilier in ihai cell hiu in the ulher cell 
is acling as die traj)sn)itter> trammitting data to the gateway of that cell. 

21 . The other citations anticipate claim 38. In WO 98/18022 the disclosed cell access 
node (CAN 16) is a Inuismiuer and is associated with each goophonc/ remote acquisition wit 
(RAU 10) within iL5i cell 14. Claims 3S, 42 & 43 at least are thus anticipated since WO 
98/18022 discloses a method where a plurality of seismic data sources (geophone/RAU units 
1 0) are organised into a plurality of cells (14), each cell including a gateway (CAN 16), 
wherein the gateway (CAN 16) is a transmitter associated with (at least) one data source 
(RAU 10) and where the method involves transmitting the data from the data sources (1 0) to a 
central control unit (12), through a plurality of pathways each containing at least one gateway 
(16), Figure 1 shows cells that may be considered to be overlapping or interleaved. The wired 
system of WO 98/07049 similarly reads onto claim 38, 42 & 43 since the wired seismic 
systems shown in Figures 3a^ 3b & 5 can be considered to show data sources (sensors 1 0) 
grouped into cells that may overlap or interleave, with each cell liavbg a gateway transmitter 
(collector 20) associated with (at least) one data source (10), where data is transmitted 10 a 
central location (concentrator 12) via a plurality of pathways each containing at least one 
gateway (20). In US 5706250, a plurality of seismic data acquisition devices (BAn) are 
organised into a plurality of cells (groups (rAnX each cell including a gateway (concentration 
unit On) being a transmitter associated with (at least) one data source (BAn), where data from 
the data sources (B An) is transmitted to a central station (1), through, a plurality of pathways 
each containing at least otie gateway (Cn). In the wireless embodiment of Figure I , each 
pathway contahis only one gateway (Cn) but in the embodiment of Figure 4 that discloses a 
mixed mode system using both wired and wireless transmission, a pathway containing 
multiple gateways (CI, C2> Ci) is disclosed, where the wired gateway to gateway 
transmission is point-to-point This disclosure anticipates claim 38 at least. 

Inventive step 

22, Tt seems to me that your disclosed invention is not inventive over the known prior art. 

23. The only feature that provides any subs(:anUa1 distinction between your disclosed 
mvcnlion and US 6226601 is having pathways containing a plurality of gateways , where data 
is transmitted via each gateway in the pathway and no gateway in a pathway directly receives 
data from more than one jgateway or directly transmits data to more Qian one gateway . This 
linear or point-to-point transmission is not disclosed in US 6226601 but it is disclosed in JP 
10031075, US 3886494 and thus docs not seem inventive. 

24, it is accepted that US 6226601 generally teaches data consolidation or concentration, 
i.e. multihub-to-hub transmission (e.g. see coL 2, lines 10-1.2 & 52-56). However, Figure 10 
shows that complete consolidation is not essential and it is my opinion thai a skilled man 
would consider an adaptation involving hub-to-hub transmission to be merely a matter of cell 
design^ rather than technical inventiveness. This is fitrther supported by the disclosures in JP 
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10031075, US 3886494 a^U VS 5706250 which 3how huih wireless and wired examples uf 
such linear transmission. 

25. The embodiment of your disclosed invention that is distinct from ,TP 10031 075 & US 
3886494 is tlie one having at least three data source transmitters in each celL where one data 
source transmitter in ttie cell acts as a transmission gateway for the two or more other data 
source transmitters in the cell. However^ the idea of having one seismic collection device 
acting as a collection point or gateway for two or more similar collection devices is not 
inventive and both wired and wireless examples arc shown in US A226601 & US 5706250, 

26. Thus the expansion of the systems shown in JP 1 003 1075 & US 3886494 by means of 
adding additional seismic transmitters at the sensing sltoj where only one transmitter at each 
site acts at (he collection point or gateway, would not seem lo involve any technical 
inventiveness. Such methods of data consolidation are well known and figures 1 and 4 of US 
5706250 illuslrate that such pathway adaptations would be obvious to a skilled man. 

Other matters 

27. Please note that the original search has now been topped up (with an exteiviion to 
IPC/ECLA areas GOlVl/00, 1/OOB) but m light of the continuing uncertainty over the scope 
. of the invention, further searchmg may be required following any amendment 
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Latest date for reply: 



9 May 2007 



1 have re-examined your applicatioa in response to your agent's letter of 23 April 2007 aod 
enclose two copies of my iiirther examination report. 

By the above date you should either file amendments lo meet tliC objections in the enclosed 
report or moke observations on them. If you do no% tbe application may be refused^ 



Yours faithfully 

Anita Keogh 
Examiner 
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Basin of the examination 



1 , My exuminalion has taken account of the amendments filed with your agent's Ictt^ of 
23 April 2007. 

Added subject matter 

2, As discussed in a telephone conversation witli Dr. Suckling today, your amended 
application discloses subject matter which was not prcscnl in the original apph'cation. Any 
amendment which extends the original disclosure of an application is not allowable and 
should be removed or the application may be refiised. ITie additional subject matter I have 
identified is in claims 1 and 18 and is the reference to transmission * without consolidation of 
data'. 

3, Yoiir letter states (hat the application clearly describes that, when a gateway receives 
data from the gateway of a previous GrMC> the gateway docs not consolidate the data from 
the dala sources in the GDAC with the data received from the preceding GDAC but I must 
respectively disagree. The passage identified as providing support, i.e. page 8, lines 24-26 
states, "In this fashion, each gateway 210 receives data transmilletl lo it. assembtes.it^ttuts 
own data, and transmits the resultant data set to the next gateway 2 1 0 in the pathway until the 
data reaches the data collection unit 120^ This does not suggest or provide support for 
transmission 'widiout consolidation of data'. Furthermore, without a clear description, the 
exact technical scope of 'consolidation* is imclear and open to interpretation and the iduntificti 
passage might even be taken to indicate tliat tlicrc is 'consolidation* of data, 

4: Thus neither the identified passage, nor the passage discussed over the telephone, i.e. 
page 11 line 33 - page 12 line 7, provide support for * without consolidation of data' and I can 
find nothing else in the application that supports tlie inclusion of this teaturc. Moreover, there 
is nothing in tlie description to link tlie feature of non consolidation to the so-called 
•independent' pathway and in relation to such a pathway, I maintain die opinion expressed In 
paragraph 9 of my last report. 

5. In addition, I am of the opmion that in the citations, the presence or absence of data 
'consolidation* is open to Inteqjretation and so the inclusion of such a Icalurc would not be of 
use m overcoming the citations. 

6. Tlius, tlic amendment made to the independent claims is not allowed as it adds matter 
and since tlie rest of your response is based on this amendment, 1 have not consideied the 
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rcniaiiider of your response m any detail since it is jny opiniou lliai llic objccUuiis and 
comraenls in my report of 15 February 2007 remain valid- 
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PATENTS ACT 1977: PATENTS RUIZES 1995 

NO rmCATION OF GRANT: PATENT SERIAL NIIMBJSR:GB2395630 

1 . T am pleased to tell yo\) th^i your patent application number OB0227293.8 complies with the 
requirements of the Act and Rules,, and tliat you arie therefore granted a patent (for the purposes 
of Sections 1 -23 of the Act) as Iiom the date of this letter^ 

2. Grant of the patent is expected to be announced in the Patents and Designs Journal on 22 
August 2007. In accordance with section 25(1 ), the patent will be treated for all later sections of 
the Act as hflvmg been grafted and as taking effect on that date. The patent specification will be 
published on the same date, and you will receive Ihc Certificate of Grant for your patent and a 
copy of the specitlcatioo shortly afterwards. 

3. IMPORTANT - It is essential that you take note of the following hxfoxmalion about annual 
renewal payments: 

(i) To keep your patent in forcc^ you must pay the Office an amiual renewal fee 
accompanied by Patents Form 12/77 (which can be obtained jBrom this Office). 

(ii) For roost patents, the date on which th^ fii:st renewal fee is due is determined 
as follows; calculate the fourth anniversary of the date of filing, and the last 
day of the month in which this anniversaiy falls is the date on which the first 
renewal fee is due. Subsequent renewal fees will be due, each year, on the 
same due date. If you wish, you can pay a renewal fee in the 3^nionth period 
before each due date. 
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(iii) In some cases, though, fhexe are special arrangements for the payment of the 
first renewal fee on a patent. If those special arrajigcments apply to your patent, 
you will be given further inforxuation when you receive the Certificate of Grant 
referred to in paragraph 2. 

(iv) If any renewal fee is not paid by the due date^ a furfbcr six months is allowed 
in winch to pay the lee. N<> additional fee is payable if payment is received by 
the OflBce during the first month after the due date, but payment received 
during the second to sixth months after the due date is subject to an additional 
fee, currently £24 per month or part of a month overdue. 

(v) An example: 

For a patent filed on 17 October 2002, the first renewal fee would be due for 
payment on 3 1 October 2006. The fee could be paid in advance from 1 August 
2006. Subsequent renewal fees would be due on 31 October annually. The 
fu^ £rcc month of the late payment period would end on 30 November 2006 
and if no payment was received by 30 April 2007 the patent would cease. 

4. If you would like finthcr infomiation about patent renewal fees, or if you would like to 
send you a blank Patents Form 12/77, please telephone our Renewals Section on 01633-S1465S. 

5» Copies of the irpedfication of the granted patent will be placed on sale at the Sales Branch, 
Concept Mouse, CardiffRoad, Newport, South Wales NPl 0 8QQ as fiom the date in paragraph 2 
above and for a hmitcd period at thts London Front Office, Haimswonh House, 13-15 Bouverie, 
Street, London* EC4 Y 8DP. The copies supplied will have the suffix **B" after the serial number 
to distinguish the specification of the granted patent &om that of the published application. 



Yours feithfiilly 




SEAN DENNEHEY 
DIRECTOR OF PA IlSNTS 
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